INTRODUCTION
Chemical carcinogens in sediments have been widely implicated in the induction of both skin and liver neoplasms in bottom-fish inhabiting polluted locations (Smith et al. 1979 , Baumann et al. 1982 , Black 1984 , Malins et al. 1985 . Skin neoplasms (epidermal papillomas) affecting fish in unpolluted environments often contain virus particles (Carlisle 1977 , Jenson & Bloch 1980 , Pilcher & Fryer 1980 , McAllister et al. 1985 , Bloch et al. 1986 , and virus treatment alone can induce similar lesions (Kimura et al. 1981) . Epidermal papillomas affect brown bullheads Ictalurus nebulosus and white suckers Catostomus commersoni in unpolluted but particularly in polluted areas of the Great Lakes of North America; these papillomas are similar in structure to the papillomas contain- ing virus particles in other species (Smith & Ferguson 1985 , Smith & Zajdlik 1987 . Papillomas affecting white suckers are reported to contain C-type virus particles and reverse-transcriptase (Sonstegard 1977) , but this observation is not well supported. White suckers kept in laboratory tanks for 3 mo after spawning developed new papillomas in the apparent absence of pollution (Smith & Zajdlik 1987) suggesting viruses or other unknown factors are capable of causing these neoplasms. Chemical treatment of the epidermis of brown bullheads, which has induced similar papillomas, suggests that the carcinogenicity of environmental chemicals is a possible mechanism for papilloma induction in white suckers, possibly by activating latent viruses (Black 1982) . Epidermal papillomas also may develop more often in polluted areas because of increased viral infection rates due to higher fish densities, skin abrasion, depression of the immune system, or chemicals and vlruses acting as co-carcinogens.
Another possible mechanism for unusually high papilloma incidences may be abnormal persistance of viral lesions. Papilloma regression has been identified in a variety of aquatic species including w h~t e suckers (Smith & Zajdlik 1987) , regression possibly following virus transmission or inactivation. Resolution may be accompanied by inflammatory infiltrates (Carlisle & Roberts 1977 , Peters & Peters 1977 , Pfeiffer et al. 1979 , Asashima et al. 1982 , Smith & Zajdlik 1987 , or regression may be primarily immune-mediated (Carlisle & Roberts 1977) . The immune response of fish to other antigens besides bacteria, and the effects of chemicals on cellular immunity, are not well studied (Roberts 1978 , Walczak 1985 , but it is known that fish leucocytes posses in vitro 'killer' cell activity (Evans et al. 1984 , Moody et al. 1985 , Cleland & Sonstegard 1987 . The types of cells involved in in vivo immune responses to neoplastic growths such as papillomas are generally unknown but the epidermis can mount a distinct immunologic response [St. Louis-Cormier et a!. 1984 , Peleteiro & &chards 1985 , Lobb 1987 . The regression of papillomas on white suckers observed after spawning (Smith & Zajdlik 1987) provides an opportunity to identify the relative abundance of inflammatory and immunologic leucocytes, as well as the structure of the affected malpighian cells and the presence of viruses. Leucocytic infiltration observed in these epidermal papillomas suggests that immune-suppression is an unlikely mechanism for elevated neoplasm incidences, but that immune-mediated regression is possible. A viral etiology was not confirmed.
MATERIALS AND METHODS
Fish acquisition. Mature white suckers were captured with seine nets from 2 small streams on the north shore of Lake Ontario during their spawning migrations into these rivers. Suckers spawning in Grindstone Creek, Burlington, Ontario, and Oakville Creek, Milton, Ontario were selected because th.ese populations have the highest prevalences of epidermal papilloma in the Great Lakes. Specimens were kept in laboratory holding tanks with 12°C running well water, and autopsies were carried out between 2 and 4 wk after capture. Suckers were briefly anaesthesetized and then hlled with a blow to the head to reduce damage to the skin during autopsy.
Tissue preparation. Tissues samples 3 to 5 mm in diameter were excised and immediately immersed in cold (4°C) 2.5% glutaraldehyde in 0.1 M phosphate buffer at pH 7.4. Tissues were stored for up to 6 mo at 4 "C prior to secondary processing. Glutaraldehydefixed tissues were cut into smaller pieces, ca 2 mm2, and subsequently fixed with 1 O/ O O s 0 4 in K2Cr2O7 buffer (Dalton's fix). Samples from the scaled body surface were oriented and sectioned at right angles to the scales. Lip samples were also oriented and sectioned for cross-sectional examination. All samples were fixed with Os04 for 2 h at 4 "C, rinsed with 2 changes of 50 % acetone, dehydrated through a graded series of acetones, infiltrated with epon-araldite, polymerized, and sectioned with a Reichert ultra-microtome. Thin sections, ca 110 nm thick, were stained with uranyl acetate and lead citrate and examined using either a Hitachi or JEOL transmission electron microscope. Thick sections (1 pm) were stained with Toluidine Blue 0 and examined by light microscopy. Selected formalin-fixed (10%) samples were de-embedded from paraffin, cleared with acetone and re-embedded in epon-araldite as described above.
Eleven samples of white sucker lip, including 8 lip papillomas and 3 controls (grossly normal), were morphologically characterized using light and electron rr?icrosccpy. Thirteen samplcs of body epidermis were examined, including 2 controls and 11 grossly identifiable (6 focal, 5 diffuse) lesions. Seventeen additional lip papillomas, previously fixed and stored in glutaraldehyde, were homogenized, sedimented, and examined for the presence of virus particles. Tissues. were minced in 3 to 4 m1 PBS (0.1 M, pH 7.3) with a razor blade and then homogenized until a milky-white solution could be decanted from the coarse, particulate debris. After preliminary centrifugation at 2000 rpm for 10 min, the supernatant was further spun at 50 000 X g, 4"C, for 2 h. Drops of the supernatant solution were placed on formvar-coated grids for 30 or 60 S. After gently blotting excess solution, the grids were then stained with 2.5 % phosphotungstic acid, pH 6.5, for 30 or 60 S. Grids were then examined for viral particles.
RESULTS

Normal lip
An epidermal layer of varying thickness overlies the loose dermal tissue of the lip (Fig. 1A) . Epidermal malpighian cells were uniform in shape and volume and only in the outermost 2 or 3 layers did they undergo some limited flattening. Occasional mitotic figures were present at all levels in the epidermis. Teardrop-shaped 'chemoreceptors', which were very well innervated, were often associated with localized thinning of the epidermis. Chemoreceptors were comprised of morphologically distinct cell aggregates; the apex of each structure extended to the epidermal surface (Fig. lA, B) . Regularly distnbuted infiltrating cells were concentrated in basal and suprabasal locations and to a lesser extent within the more external layers.
Electron mlcroscopy of normal Lip epithelium revealed the suprabasal malpighian cells to be uniformly cuboidal in shape with tonofilaments and free ribosomes occupying much of the available cytoplasm (Fig. 1C) . Tonofilaments usually surrounded a central zone consisting of the nucleus, numerous mitochondna, rough endoplasmic reticulum and Golgi apparatus. Desmosomes and associated tonofilaments were evenly distributed around the cell periphery, often occupying the terminus of short, slender extensions of the plasma membrane. Malpighian cells were usually separated by a moderately large intercellular space, but the outermost 2 or 3 cell layers possessed tighter cell-cell associations. Basal malpighian cells were columnar, possessing an interdigitating basal profile, and resting upon a continuous basal lamina of uniform thickness.
Infiltrating cells were most abundant among basal a n d suprabasal cell layers and less so towards the epidermal surface (as observed by light microscopy), most cells resembling lymphocytes (Ferguson 1976 , Peleteiro & Richards 1985 .
Lip abnormalities
Lip abnormalities contained a thickened hyperplastic to papillomatous epidermis over a normal dermis (Fig. 1B) . Constituent malpighian cells were uniform in size and differentiative character, throughout thickened areas of each lesion. Mitotic figures were relatively common. Cellular infiltrates were notably heavier than in normal tissues. Chemoreceptors were less evident in areas of extreme hyperplasia.
Malpighian cells appeared ultrastructurally normal a s previously described, being roughly cuboidal in shape, with a normal complement and distribution of cytoplgsmic organelles. Tonofilaments occupied the peripheral cytoplasm while the sometimes-lobed nucleus, mitochondria, rough endoplasmic reticulum, and Golgi apparatus occupied the central area of the cell as in normal malpighian cells. Intercellular spaces were moderately enlarged throughout most of the lesion but resembled controls in basal and suprabasal areas. These spaces were most enlarged in the outermost cell layers (unlike controls) where they were often fdled with granular and cellular debris (Fig. ID) . Slender villous projections of the malphigian cells surface were associated with larger intercellular spaces. The structure and distribution of desmosomes was often different within a single lesion, usually accompanying the variation in the size and character of the intercellular space particularly in outer layers. Desmosomes in the outermost layers were usually aggregated and restricted to a limited area on the keratinocyte surface (Fig. ID) , in contrast to the regular distribution observed in controls and the basal and suprabasal layers of abnormalities; internalized desmosomes were common.
Malpighian cells in some papillomas contained free cytoplasmic aggregates of glycogen-like dense particles measuring ca 29 nm in diameter ( Fig. 2A) . Cytoplasmic aggregates were observed wlthin both suprabasal and superficial malpighian cells, and within intra-epidermal macrophages.
Infiltrating cells were unusually abundant throughout the epidermis in most lip papillomas, particularly in the basal and suprabasal cell layers where they often formed small aggregates. Leucocytes were phagocytically active, and often contained dense, cell-derived inclusion bodies, unhke leucocytes in normal lip. Lymphocytes were present in numbers similar to normal lip and morphologically resembled those in normal lip, possessing a single, sometimes clefted nucleus with central and pefipheral zones of c!ense chromatin (Fig. 2B, C ) . The cytoplasm of lymphocytes was relatively featureless and contained limited numbers of small mitochondria, varylng amounts of rough endoplasmic reticulum and an abundance of free ribosomes. Neutrophils comprised the greater portion of the increased cellular infiltrate. Such cells had an irregularly-shaped nucleus, sometimes clefted or lobed, with both central and peripheral areas of densely-stained (condensed) chromatin (Fig. 2B, C ) . Neutrophils also differed from the lymphocytes in having a larger cytoplasmic volume and complement of cytoplasmic organelles, including a sometimes prominent rough endoplasmic reticulum, a n active Golgi apparatus, primary and secondary lysosomes, an abundance of small vacuoles and variable numbers of granules ( Fig.  2B vs 2C ). Macrophages were the least prominent of infiltrating leucocytes. These cells were similar to the neutrophils described earlier, except for a non-lobed nucleus with densely-stained, clumped nuclear chromatin and few or no cytoplasmic granules (Fig. 2D) .
Virus particles were not identified in any of the preparations examined by transmission electron microscopy, including post-mitochondrial fractions of homogenates from lip papillomas.
Normal body skin
Normal body epidermis is an even 10 to 25 cell-thick layer of malpighlan cells resting on an even basal lamina, with some epidermis surrounding scales. Mucous and club cells are relatively common, sensory structures being present only in the area of the lateral line. Epidermal leucocytes are uncommon, normally being restricted to the suprabasal layer. Ultrastructurally. epidermal cells were similar to those previously described in the lip. (D) Basal layers of a plaque featuring marked necrosis and leucocyte infiltration in shape and the epidermal-dermal interface was uninterrupted, basal lamina of uniform thickness and highly irregular in profile. Hemidesmosomes were density. Each malpighian cell possessed a large cytoregularly distributed on the basal cell plasma memplasmic volume containing large numbers of free branes, which in turn were closely apposed to an ribosomes, peripheral aggregates of tonofilaments and tonofibrils, and pennuclear distributions of mitochondria, rough endoplasmic reticulum, and Golgi apparatus. Intercellular spaces were moderately enlarged, and were often filled with fine, granular material which was prominent in the upper layers. Desmosomes were evenly distributed, not aggregated, usually appearing at the terminus of slender elongations of the cell surface (Fig. 4A) . Internalized desmosomes were common. Leucocytes infiltrating the ep~dermis were mostly neutrophils with an ovoid or clefted nucleus and a large cytoplasmic volume. Their cytoplasm contained many dense granules of varying dimensions, a welldeveloped Golgi apparatus, an even distribution of free ribosomes, and a prominent rough endoplasmic reticulum. Lymphocytes, identified by their limited featureless cytoplasm and more densely stained nucleus, were only sparsely distributed throughout the lesion. Macrophages were 'uncommon. Virus particles were not observed in any papillomas. 
Plaques
Malpighian cells in plaques had variable staining densities but were otherwise uniform in their structural appearance. Nuclei were polymorphic or lobed, often containing central dense convoluted nucleoli. Cytoplasmic organelles, Golgi apparatus, rough endoplasmic reticulum, and mitochondria were perinuclear in distribution. Tonofilaments and tonofibrils were loosely arranged and occupied a large part of the peripheral cytoplasm. Malpighian cells in plaques expressed shorter, less elaborate membrane processes than those observed in discrete foci. Desmosomes were an aggregate type, often formed into linear arrays of individual desmosomes (Fig. 4B) or into single long desmosomes. Cells on the surface of plaques were flattened, retaining a large complement of cytoplasmic organelles. Basal cells were columnar with an even distribution of ventrally-placed hemidesmosomes resting upon a continuous basal lamina of uniform thickness, which was interdigitating in profile. Intercellular spaces were enlarged throughout the epidermis, especially in areas of heavy leucocyte infiltration.
Infiltrating cells were more numerous and less regularly distributed in plaques than in papillomas, being concentrated in basal and suprabasal locations. The evolution of aggregated desmosomes paralleled an increased prevalence of inflammatory cells. Infiltrating leucocytes were predominately neutrophils and lymphocytes. Macrophages were present in much smaller numbers, being attracted to areas of single cell necrosis, associated with the appearance of large cytoplasmic inclusion bodies; such cells frequently contained recognizable fragments of cell debris. Virus particles were not observed in any of the plaques examined.
A single invasive plaque with a marked inflammatory character was examined after paraffin de-embedment (Fig. 4C) . Malpighian cells were very tightly associated with infiltrating leucocytes being evenly distributed. Invasion of malpighian cells into the dermis was not observed with the electron microscope though a somewhat irregular basal lamina was visible. Desmosomes were predominately the 'aggregate' type, but without accompanying enlargement of the intercellular space (Fig. 4D) as seen in most plaques. Malpighian cells exhibiting a rarefied overall appearance with a dense, fragmented, sometimes blebbing nucleus were sporadically distributed. Single cell necrosis was also common. No virus particles were observed.
DISCUSSION
Focal plaques and papillomas on white suckers consistently featured hyperplasia of normal epidermal malpighian cells, except for variable nuclear morphology, intercellular spacing and desmosome structure. Desmosomes were evenly distributed in malpighian cells of normal skin and body papillomas, whereas lip papillomas and particularly plaques had cells with aggregate desmosomes. Macrophage numbers were similar in normal and proliferative epidermis, but lymphocytes were increased in plaques and neutrophils were more abundant than normal in all abnormalities. No virus particles were identified in any lesions.
Epidermal papillomas described in many species contain a thickened epidermis over either a flat or folded (papillae) basal lamina (Winqvist et al. 1968 , Carlisle & Roberts 1977 , Peters & Peters 1977 , Roberts & Bullock 1979 , Bylund et al. 1980 , Bloch et al. 1986 ). The descriptive term 'epidermal papilloma', by its common use, obviously includes lesions which are either hyperplastic or papillomatous histologically, this latter distinction being based on the appearance of the dermal/epidermal papillae. Papillomas of white suckers regardless of gross morphology or anatomic location feature a continuum from flat to papillae as described elsewhere and there is no evidence for plaques developing into papillomas (Smith & Ferguson 1985 , Smith & Zajdlik 1987 ). In white suckers and walleye Stizosfedion vitreum, 2 grossly distinctive (body) but histologically similar skin papillomas are recognized , Smith & Ferguson 1985 , Yamamoto et al. 1985 ). Lip papillomas affecting white suckers resemble those of eels Anguilla anguda in Europe and brown bullheads Ictalurus nebulosus, the latter in areas of the Great Lakes from which the white suckers for this study originated (Peters & Peters 1977 , Smith & Ferguson 1985 . Epidermal papillomas in all species contain moderately differentiated malpighian cells from the suprabasal region with abnormal nuclear morphology, increased intercellular spacing and elongate cytoplasmic processes (Winqvist et al. 1968 , Peters & Peters 1979 , Bloch et al. 1986 ). Suprabasal malpighian cells are normally mitotic in fish epithelium (Kranz et al. 1980) and thus are a likely site for hyperplastic or neoplastic growths to originate. Reductions and abnormalities of cell-cell junctions, such as desmosomes in epidermal tissue, are fairly typical in neoplasms (Henderson & Papadimitriou 1982 , Ghadially 1985 , and have been described in eel paplllomas (Peters & Peters 1977) . The aggregate desmosomes in plaques and lip papillomas on white suckers are unlike the normal distribution in normal skin and in body papillomas but abnormal desmosomes do not strictly correlate wlth observed frequencies of regression of each lesion type (Smith & Zajdlik 1987) . Morphological differences between lesions could however result from differences in cell-cell contact. Body papillomas with normal desmosomes may be focal accumulations of cells which exfoliate slowly, whereas plaques and lip papillomas may accumulate cells which exfoliate more quickly, possibly because of or resulting in abnormal desmosome structure.
Lymphocytes were the most common leucocyte in the normal epidermis of white suckers and were observed in similar numbers in lip and body papillomas, likely representing the normal immune-surveillance hypothesized in other species (St. Louis-Cormier et al. 1984 , Peleteiro & Richards 1985 , Lobb 1987 . Increased numbers of lymphocytes in plaques suggests a cellular immune response to some antigenic component in these lesions. The structure of lymphocytes in both normal and hyperplastic epidermis was typical of fish lymphocytes (Ferguson 1976 , Peleteiro & Richards 1985 , Parish et al. 1986 , Roubal 1986 , and their presence might indicate antigenic or cytocidal activity as observed towards mammalian and fish tumor cells in vitro (Evans et al. 1984 , Moody et al. 1985 , Cleland & Sonstegard 1987 . While in vivo activity of lymphocytes towards fish tumor cells has not been clearly demonstrated lymphocytes do infiltrate salmon papillomas which slough off (Carlisle & Roberts 1977) . Hyperplasia in lip and body papillomas didn't attract lymphocytes, however hyperplasia can apparently be associated with increased numbers of neutrophils or macrophages (Phromsuthirak 1977) . Neutrophils unusually abundant in all 3 types of papillomas possessed typical cytoplasmic organelles such as lysosomes, vacuoles and dense granules (Parish et al. 1986 , Roubal 1986 ), but cells resembling the eosinophilic granular cell widely reported in white suckers and other species (Roberts et al. 1971 , Barber & Westerman 1975 , Lester & Daniels 1976 , Roubal 1986 were not observed. Macrophages were much less prominent. Neutrophils and macrophages accompanied the sloughing of salmon papillomas (Carlisle 1977 , Carlisle & Roberts 1977 and were a component of inflammation in wounded areas (Finn & Nielson 1971 , Mittal & Munshi 1974 , Anderson & Roberts 1975 , Phromsuthirak 1977 . The abnormal abundance of neutrophils in all types of papillomas and lymphocytes in plaques indicates inflammation and cellular immunity may affect papilloma persistence. The abundance of lymphocytes in plaques and their relative infrequency in lip or body papillomas however fail to directly correlate with their observed frequencies of regression, 79 % in plaques and 22 and 64 % in lip and body papillomas (Smith & Zajdlik 1987) but the abundance of neutrophils in all lesions correlates with the ability of all types to regress.
The absence of observable viral particles in 19 samples of lip, focal and diffuse papillomas and 17 lip papillomas (homogenized) does not preclude a viral etiology. Epidermal papillomas in many species often contain intra-or extra-cellular viral particles (Pilcher & Fryer 1980 , McAllister et al. 1985 , Bloch et al. 1986 ). Papillomas of white suckers have been reported to contain C-type virus particles and reserve-transcriptase (Sonstegard 1977) , and that papillomas develop on white suckers kept in the laboratory (Smith & Zajdlik 1987) further suggests that viruses are possible etiologic agents for these tumors. While not directly correlated with reported regression tendencies inflammation, cellmediated immunity and abnormal cell-cell communication identified in these papillomas likely play a role in their persistence and morphology.
